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SPECIAL NOTES 


1. API] PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API 1S NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANL- 
FACTURERS, OR SUPPLIERS TQ WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT 1Q PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4, NOTHING CONTAINED IN ANY API PUBLICATION IS ‘TO BE CONSTRUER AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILI. BE ADE TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS Al- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API PUBLICATIONS DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 LSTREET, N.W., WASHINGTON, D.C. 20005. 
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FOREWORD 


This publication was developed by representatives from the American Petroleum 
Institute (APD, the American Gas Association (A.G.A,), and the Gas Processors Associa- 
tion (GPA) member companies with input from the equipment manufacturers and others. 
This document represents the first API publication in this field. 

The use of API standards shall be entirely voluntary in their application. APT standards 
shall consider only designs, techniques, processes, and materials that have been demon- 
strated to be satisfactory for the service intended. Innovation is encouraged. New designs, 
techniques, processes, and materials shall be considered for standards when reasonable 
proof of fitness is available. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; how- 
ever, the Institute makes no representation, warranty, or guarantec in connection with this 
publication and hereby expressly disclaims any liability or responsibility for loss or damage 
resulting from its use or for the violation for any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordination, 
Industry Services Department, American Petroleum Institute, 1220 L Street, Northwest, 
Washington, D.C. 20005. 
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Chapter 21—Flow Measurement Using Electronic Metering Systems 


SECTION 1—ELECTRONIC GAS MEASUREMENT 


1.1 Introduction and Scope 


The procedures and techniques shown in this document 
are recommended for use with new measurement uppli- 
cations. Gas measurement using existing equipment and 
techniques not in compliance with this standard may have a 
higher uncertainty than that based on the recommendations 
contained in this document. 

This standard describes the minimum specifications for 
electronic gas measurement systems used in the measure- 
ment and recording of flow parameters of gaseaus phase 
hydrocarbon and other related fluids for production and 
transmission custody transfer applications utilizing industry- 
recognized primary measurement devices. For the purpose 
of this stundard, electronic correctors of the type used on 
linear meters were not considered to constitute an electronic 
gas measurement system. 


1.2 Description of an Electronic Gas 
Measurement System 


1.2.1 ELEMENTS OF A GAS MEASUREMENT 
SYSTEM 


1.2.1.1 Introduction 


For the purpose of this standard, the measurement system 
consists of primary, secondary, and tertiary devices, ‘The 
primary device defines the basic type of meter used for gas 
measurement, including, but not limited to, an orifice, tur- 
bine, rotary, or diaphragm meter. 

The secondary device provides such data, including, but 
not limited to, static pressure, temperature, differential pres- 
sure, relative density, and other variables that are appropriate 
for inputs into the tertiary device discussed in this standard. 

Each primary device requires a specific or properly 
configured tertiary device appropriate to the type of meter 
used. ‘The tertiary device is an electronic computer, pro- 
grammed to correctly calculate flow within specified limits, 
that receives information from the primary and/or secondary 
devices. The tertiary and secondary devices, as well as the 
primary device, may be contained in one or more enclosures, 
or packaged separately. 


1.2.1.2 Transducers/Transmitters 


In electronic measurement systems, the secondary device 
is an electromechunical transducer thal responds to an input 
of pressure, temperature, differential pressure, frequency, 


relative density (specific gravity), or other variables, Trans- 
ducers respond to changes in the measured parameters with 
a corresponding change in electrical values. These devices 
are referred to as transmitters when they have been specili- 
cally designed to enhance the transmission of information 
from one location to another by the addition of an electronic 
circuit that converts the transducer output to a standard sig- 
nal. The signal may be, but is not limited to, analog, digital, 
or frequency form. 


1.2.1.3 Signal Processing 


The electronic signals from the secondary devices 
transmit information to the tertiary device (electronic flow 
computer). The tertiary device receives the information, 
combines it with programmed instructions, and calculates 
the quantity of gas flowing through the primary device, 


1.2.1.4 System’s Accuracy 


While digital computation can provide a high degree of 
accuracy, it is important to realize that each primary, sccond- 
ary, or tertiary device is subject to separate measurement 
inaccuracies. The electronic flow computer has no effect on 
the accuracy of either the primary or secondary device, 
except where characterization may be performed. Each must 
be considered independently when viewing the overall 
accuracy of the system. 


1.2.1.5 Data Processing 


The data that the electronic gas measurement system 
processes must be in accordance with the other appropriate 
sections of this stundard. 


1.2.2. DEFINITIONS 


1.2.2.1 Introduction 


The purpose of these definitions is to clarify the termi- 
nology used in the discussion of this standard only. The 
definitions are not intended to be an all-inclusive directory of 
terms used within the measurement industry, nor are they 
intended to conflict with any standards currently in use. 


1.2.2.2. Words and Terms 


Accounting period is a group of contract days, for exam- 
ple, weck, month, and so forth. 

Anatog to digital (A/D) converter is a signal processor that 
converts an electrical analog signal to a corresponding 
digital number. 


Tn Te 
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2 CHAPTER 21—FLOW MEASUREMENT USING ELECTRONIC METERING SYSTEMS 


Accuracy is the extent to which the results of a calculation 
or the readings of an instrument approach the truc valuc. 

Audit traif is the record for an electronic gas measurement 
(EGM) system containing verification or calibration 
measurements for all tertiary and secondary devices, actual 
specifications for the primary device, constant values. times 
and dates of any changes affecting reported volumes, all 
documentation required under Audil and Reporting Require- 
menis (see 1,6), and may include identification of those 
making the changes. 

Average flowing pressure is the mean value of the 
measured static pressure of a gas over a specified period of 
actual flow, as calculated by one of the averaging techniques 
given in Appendix B. 

Average flowing temperature is the mean value of the 
measured heat intensity of a gas over a specified period of 
actual flow. 

Calibration span is the difference between the calibrated 
maximum and minimum range limits, 

Certified thermometer is an instrument that measures 
temperature and whose performance is traceable to primary 
standards maintained by an internationally recognized 
standards organization such as the National Institute of 
Standards and Technology. 

Configuration log is a record that contains and identities 
all selected flow parameters used in the generation of a quan- 
tity transaction record. 

Constant flow parameter is any valuc that affects the 
quantity calculation, is not associated with a property or stale 
of the flowing gas, and docs not frequently change. Orifice 
plate bore diameter, meter tube internal diameter. linear 
meter pulse per unit volume factors, and base pressure arc 
examples of constant flow parameters. 

Contract day is a time period of 24 conseculive hours 
beginning at the time specified in the contract. 

Digital to analog (D/A) converter is a signal processor 
that converts a digital number into a corresponding electrical 
analog signal. 

Date period is the specitic year, month, and day logged at 
the completion of the quantity transaction record, 

Differential pressure is the difference between selected 
upstream pressure and downstream pressure as defined in 
API MPMS Chapter 14.3. 

Differential pressure transnulter is a differential pressure 
sensing device that converts the dilferenual pressure pro- 
duced by one of several different head type primary elements 
into a signal. 

Electronic gas measurement (EGM) is the process where- 
by gas flow rates are calculated by means of an electronic 
computer. Computations can be made directly at the site of 
the primary element or after transfer of the data to another 
computer at any off-site location. This transfer can be 
manual, using a data storage device, or automatic, using a 
communication system. 
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Lvent fog is a record that notes and records all exceptions 
and changes to the flow paramcters contained within the con- 
figuration log that occur and have an impact on a quantity 
transaction record. 

Flow compuier ts an arithmetic processing umit and asso- 
ciated-memory device that accepts electrically-converted 
signals representing input variables from a gas measurement 
system and performs calculations for the purpose of provid- 
ing flow rate and total quantity data. Determination of energy 
values is optional. 

Flowing temperature is the measurement of heat intensity 
of the flowing gas. 

Flow time average is the time weighted average value of 
a measured or calculated variable using only samples taken 
when gas was flowing. 

Gauge line is the tubing that connects a tap on a meter mun 
to a sensing device or analyzer, 

Input variable is for the purposes of electronic gas 
measurement, a data value associated with the flow or state 
of a gas that is input into the computer for the purpose of 
being part of a calculation. This input may be a measured 
variable from a transducer/transmitter or a manually entered 
fixed value. Pressure, temperature, and relative density arc 
examples of input variables. 

Linear meter is a linear flow device that generates a signal, 
typically pulses, that represents uncorrected flaw volumes. 
Lincar meters include turbine meters, positive displacement 
meters, vortex meters, rotary meters, and so forth. 

Low flow cutoff is the flow below which no volumes will 
be calculated. 

Off-site is not in close proximity lo the primary measure- 
ment device. 

On-site is in close proximity to the primary measurement 
device. 

Performance uncertainty is the ability of a device or 
system to repeat well-defined test parameters within an 
anticipated range of operating conditions. 

Quaniiry is the volume, mass, or energy accumulated 
during the record period. 

Quaniily transaction record is a set of historical data, 
calculated vaiues, and information in a preset format that 
supports the determination of a quantity over a given 
accounting period. 

Rans Methodology is a statistical evaluation method, 
developed by Mr. Rick Rans, to determine the amount of 
measurement uncertainty that exists for any given flow 
pattern across an orifice plate or linear type meter for a 
specified flow parameter sampling frequency. 

Sampling frequency is the number per unit of time (for 
example, 12 times/minute) that an input variable is retrieved 
for monitoring, accumulation, ar caiculation purposes 

Sampling peried is the time in seconds between the 
retrieval of flow parameters for accumulation and calcula- 
tion purposes. 
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Static pressure is the force per unit area exerted by a gas 
at a selected point in the system. Static pressure at orifice 
meter installations is measured at one of the differential 
pressure. taps. Static pressure at linear meter installations is 
measured at the meter body. Gauge pressure is the static 
pressure being measured, not including the atmospheric 
pressure. Absolute pressure is the static pressure being 
measured directly or calculated as gauge pressure plus atmo- 
spheric pressure. Atmospheric pressure can be assured to be 
a constant ata specific site, determined by elevation, for 
purposes of flow and energy calculations. 

Static pressure transmitter is a slatic pressure sensing 
device that converts the pressure exerted on the inside meter 
tube wall into a signal. The pressure can be measured in 
absolute or gauge pressure. The secondary device must pro- 
duce an output signal compatible with the input requirements 
of the EGM unit. 

Temperature transmitier 18 a temperature sensing device 
that converts the flowing gas temperature into a signal. The 
temperature sensing device must produce a signal com- 
patible with the input requirements of the EGM unit. 

Time is the specific time logged at the completion of the 
quantity transaction record. 

Transducer is a device that generates an electrical signal, 
either digital or analog, that is proportional to the variable 
parameter, such as static pressure, differential pressure, and 
temperature thal is to be transmitted to the EGM unit. 
The term is typically used synonymously with the term, 
‘transmitter’. 

Transmitter is a device that takes a digital or analog signal 
developed by a transducer and converts or amplifies it into an 
appropriate signat that is read by the EGM unit. 

Uncertainty is the amount by which an observed or calcu- 
lated value may depart from the true value. 

Uncorrected quantity is the quantity accumulated over the 
flow period at flowing conditions not corrected to standard 
conditions. 


1.2.3 SYMBOLS 


This standard reflects electronic gas measurement 
symbols in general technical use. 


Symbol Represented Quantity 
AVO Actual volumetric quantity, 
AVO Actual volumetric quantity accumulated for 


pee the base multiplier period. 


bmp Unit of time defined by the base multiplier 
period. 
BMV Base multiplier value. 
BMVomp Base multiplier value for hase multiplier 
period. 
CFT) Coefficient of discharge for flange-tapped 
orifice meter. 
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counts 


n 


Qheriod 


ce 
2 


Accumulated counts from primary linear 
meter for time interval n. 

Orifice plate bore diameter calculated at 
flowing temperature, 7}. 

Time difference between integration sam- 
ples. 

Orifice plate reference bore size. 

Meter tube reference inside diameter. 
Velocily of approach factor. 

Pressure base factor. 

Pressure factor. 

‘Temperature base factor. 

Flowing temperature factor. 

Real gas relative density (specific gravity). 
Orifice differential pressure, in inches of 
water at 60°F, 

Unit of time defined by the integral multi- 
plier period. 

Integral multiplier value. 

Integral multiplier value for the integral 
multiplicr period. 

Integral value rate equation. 

Integral value accumulated between time fo 
and time 7. 

Integral value accumulated between time fo 
and time finn - 

Linear meter constant in counts per unit 
volume. 

Number of samplings recorded during a 
sampling period. 

Orifice differential pressure. 

Base pressure. 

Flowing pressure (absolute static pressure). 
Flowing pressure (upstream lp). 

Mass flow rate per second. 

Flow rate equation for quantity per unit of 
time. 

Base volumetric fiow-cubic fect at base 
conditions, 

Base quantity accumulated for the hase 
multiplier period. 

Quantity accumulated during one day. 
Actual volumetric flow at flowing condi- 
dons. 

Quantity accumulated during one hour. 
Quantity accumulated for the integral 
multiplier period, 

Quantity for interval at. 

Quantity for period. 

Unit quantity accumulated between time ty 
and time t. 

Volume flow rate per hour at standard 
conditions. 
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4 CHAPTER 21—FLOW MEASUREMENT USING ELECTRONIC METERING SYSTEMS 
s  Compressibility ratio (Z,/Z,). 1.4 Electronic Gas Measurement System 
! Time ¢ at end of operation. Algorithms 
fo Time 0 al beginning of operation. This scction defines sufficient component and composite 
q, Temperature base. i : i A _ 
3 2 x algorithms for both differential and linear meter measure- 
T, Flowing temperature, in degrees Rankine. pee f . i 
! : : ;, ment, The component algorithms detine sampling and calcu- 
¥, Expansion factor (upstream tap). c Ss Hanae 
ees i . ay lation methodologies and averaging techniques. As each 
Ly Compressibility factor at base conditions. : 2 4 5 
: A Se : 5 component algorithm is applied to the appropriate flow 
Lp Compressibility factor at flowing condi- i . 5 : ‘ . 2 
z ticks equation, a composite algorithm is defined that will ensure 
tok. syleas F : an acceptable gas measurement system. 
Zr, Compressibility at upstream flowing condi- P 8 ope 
4 tions, P-. Ts When applying these methods to orifice measurement, the 
z ‘Con ate iat Sandatd SoaditioneP appropriate flow equations are found in the latest revision of 
a Tr PI eres ees API MPMS Chapter 14.3, Parts 1 through 4. All supporting 
5 Summation GncHibod soa Gime: interval equations referenced, such as the equations of state for com- 
see P : pressibility calculated using the AG.A. Report No. 8, shall 
J Ui tenes fe be applied consistent with the latest revision of the standard. 
Py Density of a fluid at base conditions. 


1.3 Referenced Publications 
The following publications are cited in this chapter: 


AGA! 
Report No.5 Fuel Gas Energy Metering 
Report No.7 Measurement of Gas by Turbine Meters 
Report No.8 Compressibility Factors of Natural Gas 
and Other Hydrocarbon Gases 
Classification of Gas Utility Areas for Electrical Insial- 
lations 


API 
Manual of Petroleum Measurement Standards 
Chapter 1, “Vocabulary,” Chapter 14, 
“Natural Gas Fluids Measurement,” Sec- 
tion 1, “Collecting and Handling of Natu- 
ral Gas Samples for Custody Transfer’: 
Section 3, “Concentric, Square-Edged 
Orifice Meters” (ANSI/API 2530, 
A.G.A. Report No. 3, GPA? 8185) 


GPA 
Std 226) Analysis for Natural Gas and Similar Gas- 
cous Mixtures by Gas Chromatography 
Std 2286 Tentative Method of Extended Analysis for 
Natural Gas and Similar Gaseous Mix- 
iures by Temperature Programmed Gas 
Chromatography 
NepAt 
NFPA 70 National Electric Code (NEC) 


"American Gas Association, 1515 Wilson Blvd, Aslington, Virginia 22209, 
* American National Standards Institute, 1] West 42nd Street, New York, 
New York 10036. 

* Gas Processors Association, 6526 East 60th Steet, Tulsa, Oklahoma 
74145, 

4 National Fire Protection Association, } Batterymarch Park. Quincy, 
Massachusetts 02269-9101. 
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The flow equations appropriate for application of these 
methods to linear measurement are found in the latest 
revision of A.G.A Report No. 7. All supporting cquations 
referenced, such as the equations of state for compressibility. 
shall be applied consistent with the latest revision of the 
standard. 


1.4.14 OVERVIEW 


During the development of this standard, the effect of 
sampling and calculation frequencies during fluctuating flow 
and the application of the various algorithms were addressed 
by computer modeling to assure adequate performance. A 
statistical model known as the Rans Methodology provided, 
in part. the basis for the recommended sampling and calcu- 
lation frequencies to support limits for statistical uncertainty. 
This methodology is included in Appendix A. 

Because a quantity may be expressed as either mass, ener- 
gy, or volume, and whereas the equations and variables 
required for each are different, the intent of this section is not 
to define all the variations of flow equations. This section 
pravides specific guidelines through component algorithms 
that are consistent in application for all electronic gas mea- 
surement systems. 


1.4.2 DIFFERENTIAL METER MEASUREMENT 


In differential metering applications, a total quantity is 
determined by the integration of a flow rate equation over its 
defined time interval. In equation form, the calculation of 
total quantity is expressed as the following: 


' 
O, = [gexde 
ty 


Where: 


| 


= integration operation from time fy to time /. 
unit quantity accumulated between time fp and 
time ?. 


8 
" 
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flow rate equation for quantity per unit of time. 
time difference between integration samples. 


qt 
dt 


Note: Time unite for gr and df must be consiatent. 


The flowing variables that define flow rate are typically 
not static; therefore, a true total quantity is the integrated 
flow rale over that interval for the continuously changing 
conditions. 

Six critical algorithms are required to integrate a differen- 
tial flow rate into a quantity and are defined in 1.4.2.1 
through 1.4.2.5, 1.4.4, and 1.4.5. As defined, these opera- 
tions allow the flow rate computation to be factored into an 
integral multiplier value (MY) and an integral value (/V). 
Each of these factors, as defined, can be computed using 
independent variable input time intervals. A common time 
unit must be defined for total quantity calculations such that 


Gimp = IM¥, 


imp 


x IV. 


imp 
Where: 


imp = aunit of time defined by the integral multiplier 
period. 
Qrnp = quantity accumulated for the integral multi- 
plier period (imp). 
IMV,,,., = integral multiplier value for the integral multi- 


imp 
plier period (inp). 
and 
Seu 
Wing = J ivxdt 
fy 
Where: 
f= integration operation from time fg to time timp: 
TVimp = imegral value accumulated between time i 


and LIME Tiny. 
= integral value rate equation. 

dt = lime difference between integration samples. 
tf = time at start of integral multiplier period. 


Eimy = time at end of integral multiplier period. 


= 
‘ 


1.4.2.1. Sampling Flow Variables—Differential 
Meter Measurement 


The minimum sampling frequency for any dynamic input 
variable shal! be once every second. Multiple samples taken 
within the one second time may be averaged using any of the 
techniques defined in 1.4.4. 

A slower sampling frequency may be used if the Rans 
Methodology can demonstrate that the difference in uncer- 
tainty associated with a less frequent sampling time is no 
more than 0.05 percent greater than the uncertainty asso- 
ciated with a one second sampling frequency for a given 
application, and the slower sampling frequency is agreeable 
to the parties involved. 
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1.4.2.2 Integral Value Calculation 


An integral value (JV) is the value resulting from the inte- 
gration of the factored portion of the flow rate equation that 
best defines the conditions of continuously changing flow 
over a specified time period. In equation form, the calcula- 
tion of the integral value is expressed as the following: 


a 
V= fivxde 


a 
t 


Where: 
f = integration operation from time ty ¢o time i. 
1V = integral value accumulated between time f) and 
time f. 
iv = integral value rate equation. 
dt = time difference between integration samples. 


When orifice meters are used for volumetric calculations, 
the recommended minimum for the factored portion of the 
flow rate equation would be the square root of the product of 
differential pressure and absolute static pressure. In equation 
form, the calculation of the integral value would be 
expressed as the following: 


: 
WV | fapxPd 


fy 


Where: 
J = integration operation from time fg to time ¢. 
'V = integral value accumulated between time fy and 


time f. 
AP = orifice differential pressure. 
F = flowing pressure (absolute static pressure). 
dt = time difference between integration samples. 


The flow rate variable inputs used to perform each integra- 
tion are determined using the techniques given in 1.4.2.1. 
The integral value (JV) shall be calculated and the summa- 
tion performed at least once per second, It is recommended 
that the sampling frequency and integral value calculation 
frequency be performed at the same time interval. 

A slower integral calculation frequency may be used if the 
Rans Methodology can demonstrate that the difference in 
uncertainty associated with a less frequent integral calcula- 
tion frequency is no more than 0.05 percent greater than the 
uncertainty associated with a one second integra! calculation 
frequency for a given application, and the slower integral 
calculation frequency is agreeable to the parties involved. 


1.4.2.3 Low Flow Detection 


A low flow cutoff point for differential meters should be 
determined by the contractually concerned parties based 
upon a realistic assessment of site conditions. 
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1.4.2.4 Integral Multiplier Value Calculation 


An integral multiplier value (7MV) is the value resulting 
from the calculation of all other factors of the flow rate equa- 
tion not included in the integral value (/V). 

At the end of cach integral muluplicr period (imp), an 
integral multiplier value (/MfV) is calculated using the flow 
variable inputs as determined using the techmques given in 
1.4.2.1. The integral multiplier period (é177) shall not exceed 
one hour. An integral multiplier period (imp) of less than 
one hour shall be such that an integral (whole) number of 
multiplier periods occurs during one hour. 


1.4.2.5 Quantity Calculation—Differential Meter 
Measurement 


Once the integral multiptier value (ZV) is computed, it is 
multiplied by the integral value (/V) to compute a quantity 
for the integral multiplier period (ir). In equation form, the 
calculation of quantity for the integral multiplier period 
(imp) is expressed as the following: 

Qimp = MM Ving XLV, 


imp imp 


Where: 


imp = aunit of time defined by the integra] multiplier 
period. 
Gimp = quantity accumulated for the integral multi- 
plier period (mp). 
IMV nm) = integral multiplier value for the integral multi- 
plier period (imp). 
IV,,, = integral value accumulated between time tg 


imp 
and UME Fay 


1.4.2.6 Example: Flow Equation Application— 
Differential Meter Measurement 


A practical application of the above methods for volumet- 
ric quantity of natural gas at standard conditions is given in 
this section. In accordance with API MPMS Chapter 14.3, 
Part 3, the volumetric rate of gas al standard conditions 
(Equation 3- 6B) is given by the following: 


» PZ 

Q, = 7709.61 C, (FT) EY, a lezt 

By retaining the minimum integral value rate expression, 

the practical equation for volumetric flow rate becomes the 
following: 


Q, = IMV hE 


Where: 


{MY represents the integral multiplier value and has the 
following value: 
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IMV = 7709.61 C, (PT) EY, 
uCET) EY, jaz 
Assuming the integral multiplier period is one hour and 
that the sample period and integral value periad are one 
second, the integral value would be given by the following 
equation: 
3600 
a 
W= ¥ J) Go, 


| 


And the total quantity of gas for the integral multiplier period 
would be calculated as the following equation: 
iV 
Q, = IMVx 
Where: 


The factor of 3600 converts the integral valuc from units 
of seconds to hours. 

The integral multiplicr value would be calculated using 
appropriate averages of 7), Pr G,, h,, and integral value. 

In this example, f,,. = AP. 


1.4.3 LINEAR METER MEASUREMENT 


In linear metering applications, a total quantity is deter- 
mined by the summation of flow over its defined time 
interval. In equation form, the calculation of total quantity 
is expressed as the following: 


me (t- tga 


2= Ee, 


nal 
Where: 


Z = summation operation for x time interval quantities. 
Q, = unit quantity accrued between time fg and time f. 
Q, = quantity for interval di. 
dt = uniform lime difference between flow time inter- 

vals. 

% = time O at beginning of operation. 


Note: yt = flow rate = Qt = flow rate equation for quantity per unit of time. 


The flowing variables that define flow quantity are typical- 
ly not static; therefore, a true total quantity is the summation 
of flow over that interval for the continuously changing 
conditions. 

In linear metering applications, the primary device 
provides measurement in actual volumetric units at flowing 
conditions. The volumetric units for an interval of time are 
provided as counts that are linearly proportional to a unit 
volume such that 


Q, = counts / k 
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Where: 


Q, = quantity for interval of time x. 
counts = accumulated counts from primary linear meter 
for time interval 1. 
k = linear meter constant in counts per unit 
volume. 
Nate: Many lincar meters are designed such that & is equal to unity (1) or 
some multiple of 10. 

To calculate equal base volumetric, encrgy or mass quan- 
tities, six critical algorithms are required and are defined in 
1.4.3.1 through 1.4.3.5, 1.4.4, and 1.4.5. 

As defined, these operations allow the quantity calculation 
to be factored into an actual volumetric quantity (AVQ) and 
base multiplier value (BMV), Each of these factors as defined 
can be computed using independent variable input time 
intervals. A common time unit must be defined for total 
quantity calculations such that 


Gimp = AVC omy X BMV ap 
Where: 


bmp = a unit of time defined by the base multiplier 
period. 
Qbmp = base quantity accumulated for the base multi- 
plier period (bmp). 
AVOpmp = actual volumetric quantity accumulated for 
the base multiplier period (bmp). 
BMVp ) = base multiplier value for base multiplier 
period (bmp). 
1.4.3.1 Sampling Flow Variables—Linear Meter 
Measurement 


The minimum sampling frequency for a dynamic input 
variable shall be once every five seconds. Multiple samples 
taken within the five second time interval may be averaged 
using any of the techniques given in 1.4.4. When the count 
output of the prime sensor is less than 0.2 hertz (Hz), input 
variables may be sampled once per count. 

A slower sampling frequency may be used if the Rans 
Methodology can demonstrate that a difference in uncertain- 
ty associated with a less frequent sampling time is no more 
than 0,05 percent greater than the uncertainty associated 
with a five second sampling frequency for a given applica- 
tion, and the slower sampling frequency is agreeable to the 
parties involved, 


1.4.3.2 Actual Volumetric Quantity Calculation 


An actual volumetric quantity (AVQ) is the value resulting 
from the calculation of accumulated counts from a primary 
device divided by thc meter constant representing a specified 


Copyright por American Petroleum Institute 
Thu Dec 14 23:03:21 2000 


time period. In equation form, the calculation of the integral 
value is expressed as the following: 


@, ~ counts / k 


Where: 


2, = quantity for interval of time rn, 
counts = accumulated counts from primary device for 
interval of time 7. 
k = linear meter constant in counts per unit 
volume. 


Every count from the linear meter primary device shall be 
counted. The actual volumetric quantity (AVQ) shall be 
calculated and summation performed at least in an interval of 
time defined by the base multiplier period (bmp). 


1.4.3.3 No Flow Detection 


No flow shall be defined as an absence of counts over 
any base multiplier period (mp). During no flow con- 
ditions, sampled input variables shall be discarded from 
the averages. 


1.4.3.4 Base Multiplier Value Calculation 


A base multiplier yalue (BMV) is the value resulting from 
the calculation of all other factors of the base quantity 
equation not included in the actual volumetric quantity 
(AVQ) factor. 

At the end of each base multiplier period (mp). a base 
multiplier value (BAY) is calculated using the flow variable 
inputs as determined hy the techniques given in 1.4.3.1. The 
base multiplier period (bmp) shall not exceed one hour, 


1.4.3.5 Quantity Calculation—Linear Meter 
Measurement 


Once the base multiplier value (BMY) is computed, it is 
multiplied by the actual volumetric quantity (AVQ) to 
compute a quantity for the base multiplier period (bap). In 
equation form, the calculation of quantity for the base multi- 
plier period (émp) is expressed as the following: 


Qomp = AVQrmp X BMY, 


‘amp 


Where: 


bmp = a unit of time defined by the base multiplier 
period. 
Qomp = base quantity accumulated for the base multi- 
plier period (bmp). 
AVQonpy = actual volumetric quantity accumulated for 
the base multiplicr period (mp). 
BMVonp = base multiplier value for base multiplier 
period (bmp). 
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1.4.3.6 Example: Flow Equation Application— 
Linear Meter Measurement 


For turbine meters, a practical application for volumetric 
rate calculations at base conditions could be in the form of 
the following equation: 


QO, = OX By fon X Fig XB, XS 
or QO, = AVOx BMY 


Where; 
@, = base volumetric flow—cubic feet at base 
conditions, 
AV@ = O= actual volumetric fow—al flowing con- 
ditions. 


BMV = x Fy, * Fp X 5. 


fom * Fp 
In A.G.A Report No. 7, the factors are defined as the 
following: 


From = pressure factor = F/14,73. 
Fy = pressure base factor = 14.73/P,. 
= flowing temperature factor = 519.67/7, 
Fjg = temperature base factor = 7, /519.67. 
s = 2,/Z-= compressibility ratio. 
7, = compressibility factor at base conditions. 
Zp = compressibility factor at flowing conditions. 


1.4.4. AVERAGING TECHNIQUES 


Four different averaging techniques may be performed on 
the sampled flow rate variables or input variables used to 
calculate the flow quantities or for providing values as 
detailed in 1.6, Audit and Reporting Requirements. These 
techniques are the following: 


a. Flow dependent lime-weighted linear averaging. 

b. Flow dependent time-weighted formulaic averaging. 
c. Flow-weighted linear averaging. 

d. Flow-weighted formulaic averaging. 


A detailed explanation of each averaging technique is 
included in Appendix B. The Rans Methodology may be 
used to check the performance of the averaging method used 
and demanstrates that the difference between the methods is 
typically negligible. 


1.4.5 HOURLY AND DAILY QUANTITY 
CALCULATION 


To accumulate quantities in accordance with 1.6.2.1 and 
1.6.2.3, Audit and Reporting Requirements, the following 
equation applies: 
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: , 
Qorat = x Qinp 8 Quering = Dy Qhnp 
1h, 


th, 


Where: 


= summation operation from time 1g to time ¢. 
tah 
Qimp = quantity for integral multiplier period. 
Qimp = quantity for base multiplier period. 
Qheriad = Quantity for period. 
ty = Ume O al beginning of operation (Qpprjaq)- 
¢ = time at end of operation (Qperiod)- 


Standard periods of volume reporting include the 
following: 


Chour = Quantity accumulated during one hour. 


Where: 


tg = time 0 at beginning of operation (hour). 
t = 3600 seconds, r= 60 minutes or = 1 hour. 


Qguy = quantity accumulated during one day. 


t) = time 0 at beginning of operation (day). 
7 = 86,400 seconds, ¢ = 1440 minutes or ¢ = 24 
hours, 


1.4.6 COMPRESSIBILITY, DENSITY AND 
HEATING VALUE 


Compressibility, density, and heating value may be 
required as variables in the computation of quantities 
expressed in the various units of mass, energy. and volume. 
When required, compressibility, density, and heating valuc 
shall be determined using recognized determination or 
calculation standards required by the appropriate flow equa- 
tion in application or other recognized standards by mutual 
consent. 


Compressibility, density, or heating valuc may be intiv- 
duced into the calculation as a constant value, sampled input. 
or calculated value using a combination of constant values 
and sampled inputs. A maximum frequency for updating of 
variables will minimize the uncertainty associated with 
constant values and sampled inputs. All sampled inputs 
should be determined using the techniques given in 1.4.2.1 
and 1.4.3.1 and be consistent with the time interval of 
application. 
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1.5 Data Availability 


The requirements of this section are intended to ensure 
that the minimum necessary data is collected and retained in 
order to allow proper determination of the quantities mea- 
sured through the primary device and to allow a thorough 
audit of the system operation and quantity determinations, 


1.5.1. DIFFERENTIAL METER INSTALLATIONS 


1.5.1.1 On-site Calculations 


For differential pressure metering systems where custody 
transfer calculations are performed on-site, the information 
required in 1.5.1,1.1 through 1.5.1.1.7 shall be available on- 
site, or be collectable on-site with a portable data collection 
device. 


1.5.1.1.1 Data collected or utilized since the last complet- 
ed data collection period include, but are not limiled to the 
following: 


a. At least hourly average values for temperature, pressure, 
and differential pressure. Also, relative density, energy 
content, composition, and density, if they are live inputs. 

b. Al least hourly quantity totals. 

c. Dates and times for all averages and totals. 

d. Total quantity accumulated during each contractually 
specified measurement period. 


1.5.1.1.2 Input variable values affecting measurement 
include, but are not limited to the following: 


a, Meter run reference diameter (D,), orifice bore reference 
inside diameter (d,), and the calibrated span of the pressure, 
differential pressure, and temperature transducers. 

b. Input values of relative density, energy content, composi- 
tion, density, or any other terms needed for calculation, if 
they are other than live inputs 


1.5.1.1.3 Instantaneous readings or displays for the values 
of pressure, differential pressure, temperature, flow rate, 
accumulated quantity, and any alarm or error conditions that 
are occurring sball be available on-site. Relative density, 
energy content, composition, and density shall be available, 
if they are live inputs. 


1.5.1.1.4 An electronic or hard copy record includes, but 
is not limited to, the following: 


a. “As found” and “as left” equipment calibration values for 
pressure, differential pressure, and temperature. Also, densi- 
ty, energy content, composition, and relative density, if they 
are live inputs. 

b. Old and new values for changes to any input variable that 
will affect calculated quantities. 
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c. A complete summary of all alarm or error conditions 
affecting measurement, including a description of each 
alarm condition. 

d, A daily summary indicating the hours or percent of time 
for flow or no flow. 

e. The date and time of all events in the record shall be 
identified chronologically. 


1.5.1.1.5 A quantity statement includes, but is not limited 
to, daily custody transfer quantity totals and average pres- 
sure, differential pressure, and temperature. Relative density, 
energy content, composition, and density shall be included, 
if they are live inputs. This statement should be complete in 
the unit's memory or otherwise available on-sitc, segmented 
by settlement interval. 


4.6.1.1.6 The unique identification number of the meter- 
ing system shall be available on-site. 


1.5.1.1.7 All original data, plus all subsequent tocal edits 
to that data, shall be available for the current data collection 
period. Longer term data shall be available, cither on-site or 
off-site and shall be consistent with audit trail requirements. 


1.5.1.2 Off-site Calculations 


For systems where custody tansfer calculations are per- 
formed off-site, the information required in 1.5.1.2.1 through 
1.5.1.2.4 shall be available. 


1.5.1.2.1. Local on-site, instantaneous indications for the 
values of pressure, differential pressure, and temperature 
shall be available. Also, relative density, energy content, 
composition, and density, if they are live inputs, shall be 
available. 


1.5.1.2.2 The unique identification number for the meter- 
ing system shall be available both on-site and off-site. 


1.5.1.2.3 For systems where custody transfer calculations 
are performed off-site, the same data shall be available at the 
off-site location, as is required in 1.5.1.1 for on-site calcula- 
tions, with the exception of 1.5.1.1.3. 


1.5.1.2.4 Indications of alarm or error conditions shall be 
available off-site. 


1.6.2 LINEAR METER INSTALLATIONS 


1.5.2.1 On-site Calculations 


For linear metering systems where custody transfer cal- 
culations are performed on-site, the following information 
required in 1.5.2.1.1 through 1.5,2,1.7 shall be available 
on-site, or be collectible on-site with a portable data 
collection device. 
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1.5.2.1.1 Data collected or utilized since the last com- 
pleted data collection period includes, but is not limited to 
the following: 


a. At least hourly average values for temperature and 
pressure. Also, relative density, energy content, composi- 
tion, and density, if they are live inputs. 

b. At least hourly corrected and uncorrected quantity 
totals. 

c. Dates and times for all averages and totals. 

d. Total quantity accumulated during each contractually 
specified measurement period. 


1,5.2.1.2 Input variable values affecting measurement 
include, but are not limited to the following: 


a. Meter and/or & factors and the calibrated span of any span 
adjustable values for pressure and temperature. 

b. Input values of relative density, energy content, compo- 
sition, and density, if they are other than live inputs. 


1.5.2.1.3 | Instantancous readings or displays for the values 
of pressure, temperature, flow rate, accumulated quantity, 
and any alarm or error conditions that are occurring shall be 
available on-site. Relative density, energy content. compo- 
sition, and density shall also be available, if they are live 
inputs. 


1,5.2.1.4 An electronic or hard copy record includes, but 
is not limited to, the following: 


a. “As found” and “as Jeft” equipment calibration values for 
pressure, temperature. and meter and/or & factors. Also, 
density, energy content, composition, and relative density, if 
they are five inputs. 

b, Old and new values for changes lo any input value diat 
will affect calculated quantities. 

c. A complete summary of all alarm or error conditions 
affecting measurement, including a description of each 
alarm condition. 

d. A daily summary indicating the hours or percent of time 
for flaw or no flow. 

e. The date and time of all events in the log shall be identi- 
fied chronologically. 


15.2.41.5 A quantity statement includes, but is not limited 
to, daily custody transfer quantity totals and average pres- 
sure, flow rate, and temperature. Also, averages for relative 
density, energy content, composition, and density, if they are 
live inputs. This statement should be complete for all data 
ineluded in the units memory or otherwise available on-site, 
segmented by settlement interval. 


1.5.2.1.6 The unique identification number of the meter- 
ing system shall be available. 
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1.5.2.1.7 All original data, plus all sudsequent local edits 
to that dala, shall be available for the current collection 
eyele. Longer term data shall he available, cither on-site or 
off-site, and shall be consistent with audit trail requirements. 


1.5.2.2 Off-site Calculations 


For systems where custody transfer calculations are per- 
formed off-site, the data information required in 1.5.2.2.1 
through 1.5.2.2.4 shall be available. 


1.5.2.2.1 Local on-site instantaneous indications for the 
values of pressure, uncorrected accumulated quantity, and 
temperature shall be available. Also, relative density, energy 
content, composition, and density, if they are live inputs, 
shall be available. 


1.5.2.2.2 The unique identification number for the meter- 
ing system shall be available both on-site and off-site. The 
on-site indication is not necessarily electronic. 


1.5.2.2.3 For systems where custody transfer calculations 
are performed off-site. the same data shall be available at the 
off-site location, as is required in 1.5.2.1 for on-site calcula- 
tions, with the exception of 1.5.2.1.3. 


1.5.2.2.4 Indications of alarm or error conditions shall be 
available off-site. 


1.6 Audit and Reporting Requirements 
1.6.1 INTRODUCTION 


An electronic gas measurement (EGM) system shall be 
capable of establishing an audit trail by compiling and 
retaining sufficient data and information for the purpose of 
verifying daily and hourly quantities. The audit trait shall 
include, but is not limited lo, transaction records, configura- 
tion logs, event logs, corrected transaction records, and field 
test reports. The records and reports in this section may be 
created on-site or off-site, or a combination of both. 

The EGM audit trail and reporting section defines the 
minimum requirements of a quantity transaction record and 
corrected quantity transaction record; documentation asso- 
ciated with an EGM’s operation; and the minimum data 
retention periods to ensure and verify the integrity of the 
audit trail recard. 

The primary reason for retaining historical data is to 
provide support for the current and prior quantities reported 
on the measurement and quantity statements for a given 
accounting cycle. The data will provide sufficient informa- 
tion to apply reasonable adjustments when the clectronic gas 
measurement equipment has stopped functioning, is deter- 
mined to be out of accuracy guidelines; or measurement 
parameters are incorrectly recorded. 
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1.6.2 QUANTITY TRANSACTION RECORD 


The quantity transaction record is the set of historical data 
and information supporting the accounted quantity or quan- 
tities of volume, mass, or energy. The quantity transaction 
record will be identified by a unique alphanumeric identifier 
denoting a specific electronic metering device and primary 
device. 


1.6.2.1 Daily Quantity Transaction Record for 
Differential Type Meters 


The daily quantity transaction record is the average or 
summation of data collected and calculated during a contract 
day. A daily quantity transaction record will end and a new 
daily record begin at the end of each contract day or any time 
a constant flow parameter is changed. 

Constant flow parameters include only those measured or 
known parameters that do not depend on any averaged 
logged parameter. 

There will be one daily quantity transaction record for 
each contract day plus an additional daily quantity trans- 
action record for each time one or more constant flow 
parameters are changed. 

The following data shall be collected in the daily quantity 
transaction record: date period, time, quantity, flow time, 
differential pressure, flow temperature, static pressure, and 
relative density. See 1.2.2.2 and API MPMS Chapter | for 
definitions of these terms. It is recognized that flow integral 
will provide valuable information in certain situations. 


1.6.2.2 Hourly Quantity Transaction Record for 
Differential Type Meters 


The hourly quantity transaction record is the average or 
summation of data collected and calculated during a max- 
imum of 60 consecutive minutes. An hourly quantity trans- 
action record will end, and a new record begin at the end of 
each hour or any time one or more constant flow parameters 
are changed. 

Constant flow parameters include only those measured or 
known parameters that do not depend on any average logged 
parameters. 

There shall be 24 hourly quantity transaction records for 
each contract day plus additional quantity transaction 
records for each time one or more constant parameters are 
changed. 

The following data shall be collected in the hourly quanti- 
ty transaction record: date period, time, quantity, differential 
pressure, flow temperature, static pressure, and relative 
density, if live. See 1.2.2.2 and API MPMS Chapter | for 
definitions of these terms. It is recognized that flow integral 
will provide valuable information in certain situations. 


16.2.3 Daily Quantity Transaction Record for 
Linear Type Meters 


The daily quantity transaction record is the average or 
summation of data collected and calculated during a contract 
day. A quantity transaction record will end and a new daily 
record begin at the end of each contract day or any time a 
constant flow parameter is changed. 

Constant flow parameters include only those measured or 
known parameters that do not depend on any averaged 
logged parameters. 

There will be one daily quantity transaction record for 
each contract day plus an additional quantity transaction 
record for each time one or more constant flow parameters 
are changed. 

The following data shall be collected in the daily quantity 
transaction record: date period, time. quantity, flow time, 
uncorrected quantity, flow temperature. static pressure, and 
relative density. See 1.2.2.2 and API MPMS Chapter | for 
definitions of these terms. 


1.6.2.4 Hourly Quantity Transaction Record for 
Linear Type Meters 


The hourly quantity transaction record is the average or 
summation of data collected and calculated during a maxi- 
mum of 60 consecutive minutes. A quantity transaction 
record will end and a new record begin at the end of each 
hour or any time one or more constant flow parameters are 
changed. 

Constant flow parameters include only those measured or 
known parameters that do not depend on uny average logged 
parameters. 

There shall be 24 hourly quantity transaction records for 
cach contract day. These quantity transaction records shall 
reflect the effect of any constant flow parameter changes. 

The following data shall be collected in the hourly quanti- 
ty transaction record: date period, time, quantity, uncorrected 
quantity, flow temperature, static pressure, and relative 
density, if live. See 1.2.2.2 and API MPMS Chapter | for 
definitions of these terms. 


1.6.3 ALGORITHM IDENTIFICATION 


An algorithm identification shall be provided to identify 
the calculations performed in the electronic gas measure- 
ment system, such as software or manufacturer’s version. 


1.6.4 CONFIGURATION LOG 


The configuration log shall be part of the audit package for 
the accounting period. The log will contain and identify all 
constant flow parameters used in the generation of a quantity 
transaction record. The configuration log will be generated 
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from data und information listed in 1.4 and 1.5. Table 1 
shows the information the configuration log is to contain, but 


not be limited to. 


Table 1—Configuration Log 


Differential Meter 


Linear Meter 


Meter Identifier 
Date and Time 
Contract Hour 
Atmospheric Pressure 
Gif appropriate) 
Pressure Base (F,) 
Temperature Base (4;.) 
Meter Tube Reference Inside 
Diameter (D,) 


Orifice Plate Reference Bure Size (¢,) 


Static Pressure Tap Location 
Orifice Tap Configuration 
Orifice Plate Materia] 

Meter Tube Material 

Calibrated Starie Pressure Range 


Meter Identifier 
Date and Time 
Contract Hour 
Alimospheric Pressure 
Cif appropriate) 
Pressure Base (P,) 
Temperature Buse (7, } 
Meter Factor 


& Factor 

Relative Density (If Not Live) 
Compressibility (Ef Not 1.ive) 
Gas Components (If Not Live) 
Calibrated Static Pressure Range 
Calibrited Temperature Range 


Calibrated Differential Pressure Range 
Calibrated ‘lemperature Range 

Low Differential Cut OFT 

Relative Density (If Not Live) 
Compressibility (If Nat Live) 

Gas Components Uf Not Live) 


1.6.5 EVENT LOG 


The event log shall be a part of the audit package for the 
accounting period. The event log is uscd to note and to 
record exceptions and changes to the flow parameters, 
contained in the configuration log, that occur and that have 
an impact on a quantity transaction record. The events 
include, but are not limited to, changes or modifications to 
items in 1.6.4. 

Each time a constant flow parameter that can affect the 
quantity transaction record is changed in the system, the old 
and new value. along with the date and time of the change, 
shall he logged. 

The date and time of all events in the log shall be identified 
chronologically. 


1.6.6 CORRECTED QUANTITY TRANSACTION 
RECORD 


The corrected quantity transaction record identifies 
changes to the original quantity transaction record. 

The corrected quantity transaction record is required to re- 
flect changes to the original constant and/or dynamic flow 
parameters uscd in the calculation of the final quantity trans- 
action record. The correction of electronic gas measurement 
results from the following: 


a. Constant flow parameters were not available at the time of 
calculation; were entered incorrectly: or were found to be in 
error at a later time. 
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h. Dynamic flow parameters corrected as a result of cali- 
bration, failure, or adverse operating conditions of the 
measurement cquipment. 

The above situations result in the need to correct the orig- 
inal parameters and calculate revised quantity transaction 
records. The purpose of the record is to identify reasons for 
all corrections: to provide the original and corrected constant 
and variable parameters used in the corrected quantity 
record; and to clarify the adjusted quantities to be applied to 
the meter and quanlily accounting statements. 

The original quantity transaction records will remain 
intuct as a permanent record. The combination of the original 
transaction record and the final corrected quantity trans- 
action record will provide a detailed tacking of the custody 
transfer quantities. 


1.6.7 TEST RECORD 


A test shall be part of the audit package and consists of any 
documentation or record (electronic or hard copy) produced 
in the testing or operation of metering equipment that would 
affect the calculation of measured quantities. The documen- 
tation shall include, but not be Limited to, calibration/verifi- 
calion reports as defined in 1.8; orifice plate and equipment 
change tickets; and peripheral equipment evaluation reports. 


1.6.8 DATA RETENTION 


Unless specified by regulation, tariff, or contract, the min- 
imum retention period for the electronic flow measurement 
audit trail duta shall be two years. 


1.7 Equipment Installation 
1.7.1 TRANSDUCERS/TRANSMITTERS 


The range, operating limits, and environmental limits for 
all transducers/transmitters involved in electronic gas 
measurement shall be clearly stated and provided with the 
equipment. [he manufacturer shall state the combined accu- 
racy effect of linearity, hysteresis. and repeatability. The 
effect of temperature on zero and span shall also be provided. 
Other accuracy factors such as static pressure, vibration, 
power variation, and mounting position sensitivity shall 
be stated. 

All transducers/transmitters shall be installed and main- 
tained in accordance with the manufacturer's guidelines 
and the most current revision of the National Electrical 
Code (NEC). All transducers/transmilters used for custody 
transfer electronic gas measurement that are exposed to the 
elements should be protected. In order to limit the operat- 
ing ambient temperature range, a temperature-controlled 
enclosure may be used. Alternatively, more frequent verifi- 
cation or the usc of transducers/transmitters that electront- 
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cally correct for ambient temperature changes can be used 
to account for seasonal temperature changes that may also 
reduce the expected operating ambient temperature range 
between tests. 

For differential pressure systems, the stalic pressure 
transmitier shall be connected to either the upstream or 
downstream differential pressure tap as allowed for by the 
EGM device. Separate static pressure taps are unacceptable. 


1.7.2 GAUGE/IMPULSE LINES 


Whenever possible, pulsation should be eliminated at the 
source. In the presence of pulsation, refer to AP] MPMS 
Chapter 14.3, Part 2 (A.G.A. Report No. 3) and consider 
using full port manifold valves with a nominal internal diam- 
eter consistent with the gauge lines. Research has substanti- 
ated that longer gauge lines are more prone to 
pulsation-induced errors; therefore, the length of such lines 
should be minimized, Gauge lines should also be of uniform 
internal diameter and constructed of material compatible 
with the fluid being measured. Gauge line installations 
should slope downward toward the primary meter at a mini- 
mum of one inch per foot. Gauge lines shall be supported 
sufficiently to prevent any observable sag and vibration. 


1.7.3 EGM DEVICES AND ASSOCIATED 
COMMUNICATIONS 


The EGM device and associated communication equip- 
ment shall be installed and maintained in accordance with 
the manufacturer's guidelines and the NEC. All installation 
materials shall be compatible with the service and/or envi 
ronment, including ambient temperature swings, presence of 
toxic or corrosive material, and the hazardous arca classifi- 
cation. The EGM device shall have radio frequency interfer- 
ence protection and electromagnetic interference protection 
suitable for the expected operating environment. 

The EGM device or installation shall include electrical 
transient suppression on all EGM device electrical, electron- 
ic, and communication inputs and outputs, as appropriate. 

Tf the EGM device is not approved for installation in a haz- 
ardous area, and the measurement fluid defines part of the 
measurement site as a classified area per the NEC, a recom- 
mended guideline for designing an installation with this 
requirement is A.G.A. document, Classification of Gas 
Utility Areas for Electrical Installations. 


1.7.4 PERIPHERALS 


Peripheral equipment such as analyzers, samplers, and 
control valves shall be installed and maintained in accor- 
dance with the manufacturer’s specifications. Any connec- 
tions to the primary device shall be installed in accordance 
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with the latest edition of the metering standard (API MPMS 
Chapter 14.3, ANSUAPI 2530, A.G.A. Report No. 3, A.G.A. 
Report No, 7) in use. Installation matertals shall be compat- 
ible with the service and/or environment, including the 
hazardous arca classification(s). 


1.7.5 CABLING 


All cabling shall be approved for the class of service and 
installed in accordance with NEC requirements. All cabling 
shall be shielded from environmental elements and from out- 
side electrical interference. Alternating current (AC) power 
cables and signal cables shall not be run in the same conduit. 
AC power and signal wires shall be no closer in proximity 
than necessary in open wire runs between the conduit termi- 
nal end and the EGM equipment. 


1.7.6 COMMISSIONING 


The tertiary device (not including the transducer) shall 
have a maximum error of 0.1 percent full scale (FS) over the 
full input voltage range at reference conditions. The analog 
to digital (A/D) converter can be tested with automatic test 
equipment or with an adjustable signal producing device that 
sweeps the full range of the EGM device input in current, 
voltage, or frequency and compares or plots the resulting 
Output against the input.) 

The intemal volume calculations of the EGM device shall 
be checked and documented. The testing shall be performed 
by establishing steady known or fixed inputs and comparing 
the calculation results to a standardized or mutually accepted 
calculation result. 

These results are in addition to the normal calibrations that 
arc to be performed for use of an BGM device. Ii is recom- 
mended that additional calibration check points be per- 
formed and recorded on the initial start-up of each EGM 
device to help verify proper operation. 


1.8 Equipment Calibration and 
Verification 


1.8.1 SCOPE 


This calibration and verification section describes the 
minimum requirements for calibrating and verifying EGM 
devices used for custody transfer. 

The electronic measurement system (flow computer and 
transducers) shall be capable of a performance uncertainty, 
based on actual performance test results for identical 
systems, of + | percent of flow over the expected range of 
operating temperatures and pressures for the installation. 
This criteria does not include the uncertainty of the basic 
flow coefficients or primary device. If severe operating con- 
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ditions such as pulsating flow, multiphase flow, or very low 
differentials are present. higher uncertainties may result. 

Verification is defined as the process of confirming or 
substantiating accuracy of an EGM device by the use of 
certified reference standards over the EGM’s prescribed 
operating range. 

Calibration is defined as the adjustment of an EGM device 
or components to conform with certified reference standards 
to provide accurate values over the EGM’s prescribed 
operating range. 


1.8.2 DEVICES REQUIRING CALIBRATION 
VERIFICATION 


The following EGM devices require calibration/verification: 


a. Static pressure transmitters. 

. Differential pressure transmitters. 

. Temperature transmitters. 

. Pulse generators and counters. 

. On-line analyzers, where applicable. 
Densitometers/gravitometers. 


menor 


1.8.3 CALIBRATION AND VERIFICATION 
PROCEDURES 


EGM devices and their individual transducers, trans- 
mitters, and analyzers are substantially different in their 
methods of calibration. Some have zero, span, and linearity 
adjustments and some only zero and span. Others are cali- 
brated electronically (smart) and require no mechanical 
adjustments. Their signal output can be a voltage, current, 
pulse frequency, or other forms of data signals. For this 
reason, the user must refer to the manufacturer’s operation 
guide for step-by-step calibration procedures. 

Verification tests shall be conducted by comparing the 
EGM measured value (the digital value provided by the flow 
computer) of each input variable to the correct value deter- 
mined by a certified reference standard. By utilizing the dis- 
played value, the accuracy of the electrical signals between 
the transducers and the flow computer will also be verified. 

Acalibration will only be necessary during initial installa- 
tion of the unit, following replacement of a transmitter, other 
crilical components, or whenever the verification test deter- 
mines an unacceptable difference between the value 
measured or produced by the certified reference standard and 
that of the value measured and utilized by the EGM. 


1.8.3.1 Calibration/Verification of Pressure and 
Temperature Devices 


The guidelines in 1.8.3.1.1 through 1.8.3.1.5 are ree- 
ommended for calibration/verification of pressure and 
temperature input devices. 
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1.8.3.1.1 Check sensing lines and valves from calibration/ 
verification equipment to the EGM device to ensure no leaks. 
Check for bypass (equalizer) valve leakage between the high 
and low pressure taps. For further information, see API 
MPMS Chapter 14.3, Part 2. 


1.8.3.1.2 9 When a verification test is performed on a differ- 
ential pressure device, “as found” readings shall be recorded 
at approximately 0, 50, and 100 percent of scale increasing 
and 80, 20, and 0 percent, decreasing. Should the “as found” 
readings fail to mect the output of the calibration/verification 
equipment, a calibration shall be conducted according to the 
manufacturer’s recommended procedures and adjustments 
made to eliminate errors. Verification at additional readings 
is acceptable. 


1.8.3.1.3 When a verification test is performed on a static 
pressure device, “as found” readings shall be recorded at 
approximately 0, 50, and 100 percent of scale (or operating 
pressure range) increasing and 80, 20 and 0 percent of scale 
{or operating pressure range), decreasing. Should the “as 
found” readings fail to mect the output of the calibration/ 
verification equipment, a calibration shall be conducted 
according to the manufacturer’s recommended procedures 
and adjustments made to eliminate errors. Verification at 
additional readings is acceptable. 


1.8.3.1.4 When a verification test is performed on a tern- 
perature device, the “as found’ reading of the fluid’s temper- 
ature should be checked against a certified thermometer to 
within 0.5°F of the certified thermometer’s reading. Should 
the “as found” readings fail to meet the output of the calibra- 
tion/veritication equipment, a calibration shall be conducted 
according to the manufacturer’s recommended procedures, 
and adjustments made to eliminate errors. Verification at 
additional readings is acceptable. 

Calibration of the actual temperature element is not possi- 
ble by the user, but verification of the operation is required. 
For resistance temperature detectors (RTDs), the resistance 
reference or ice point should be verified in a properly 
prepared ice bath or ice bath substitute. If possible, both the 
clement and transmitter should be verified together. 

Transmitter verification is accomplished by simulation of 
the temperature sensor input for the given temperature or by 
verifying the sensor and iransmiticr together as a unit with 
the sensor placed in a controlled temperature environment. 
The recommended requirements for simulated input to the 
transmitter are covered in Appendix C. 


1.8.3.1.5 After calibrating a device, an “as left” verifica- 
tion test shall be conducted. Procedures for “as left” tests are 
similar to the “as found” tests described in 1.8.3.1.2, 
1.8.3.1.3, and 1.8.3.1.4. 
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1.8.3.2 Verification of Pulse Counters 


The accuracy of an EGM device to interpret and process 
pulse signals should be verified using pulse generators 
(current or voltage) corresponding to the output of the actual 
input device. The simulated signal shall be recorded along 
with the actual value as determined by the EGM device. 


1.8.3.3 Catibration/Veritication of Analyzers 


The accuracy of an analyzer should be verified using a cer- 
lified reference standard gas. The output of the analyzer 
should be verified through the FGM device. Standards shall 
be kept in a specified temperature range. The standard should 
be periodically checked to ensure that the composition has 
not changed, and it should not be used after the manufae- 
turer’s expiration date. Should the “as found” readings of the 
analyzer fail to meet the repeatability or reproducibility 
standards, a calibration shall be conducted according to the 
manufacturer’s recommended procedures. An “as left’ test 
shall be conducted after a calibration. 

To achieve accurate calibration, the natural gas standard 
must be heated in accordance with appropriate industry 
standards, such as API MPMS Chapter 14.1 or Gas Processors 
Association (GPA} Standard 2261 or Standard 2286, if the 
temperature during transportation or storage approaches the 
dew point. This wil] prevent condensation or stratification. 


1.8.3.4 Calibration/Verification of Densitometers 
and Gravitometers 


The calibration/veritication of densitometers and gravi- 
tometers should be performed in accordance with the 
manufacturer’s recommendations and industry standards. 


1.8.4 FREQUENCY OF VERIFICATION 


The accuracy of all electronic gas measurement (EGM) 
equipment should be verified on a quarterly basis. This fre- 
quency is a recommended minimum and does not preclude 
verification and inspection on a more frequent basis when 
required by operating conditions or contractual agreements. 
The minimum verification frequency may be extended by 
mutual agreement or when warranted by supporting 
measurement data. 


1.8.5 AMBIENT TEMPERATURE AND LINE 
PRESSURE EFFECTS 


1.8.5.1 Ambient Temperature Effect 


EGM devices are typically installed in an uncontrolled 
environment. Responses of these devices under a variety of 
summer and winter conditions could affect the performance 
and accuracy of flow measurement. Ambient temperature 
changes or extremes may cause a significant systematic 


deviation on measurement accuracy. Operating temperature 
range and its corresponding effect on measurement uncer- 
tainty (that is, percent full scale/degrees temperature change 
from reference) should be listed in the manufacturer's 
performance specifications and should be considered when 
selecting and installing EGM equipment. During verifica- 
tion/calibration, ambient temperature should be recorded. 


1.8.5.2 Line-Pressure Effect 


In field practice, differential pressure transducers/trans- 
mitters are calibrated at atmospheric pressure. When a differ- 
ential pressure device is placed in service at higher pressure 
conditions, line pressure may cause a shift in calibration. 
Specifications on line pressure effects and compensation 
icchniques should be provided by the manufucturer and be 
considered when determining the measurement uncertainty 
of the system. 


1.8.6 CALIBRATION AND VERIFICATION 
EQUIPMENT 


The minimum uncertainty requirement for calibration/ 
verification equipment shall be a factor of two better than the 
specified uncertainty of the transmitter, transducer, or other 
associated device to be calibrated. However, in a practical 
sense, calibration system uncertainties better than +0.05 per- 
cent are not normally required, For example, a transmitter 
with a stated accuracy of 0.2 percent would require calibra- 
tion/verification with equipment with an accuracy of 0.1 per- 
cent or better at the pressure measured. For most electronic 
pressure transmitters, the accuracy requirements will deter- 
mine the use of either a dead weight or electronic digital in- 
dicator of the appropriate range. 

Uncertainty for pressure readout or measurement devices 
is usually related to a percent of full scale reading. The 
uncertainty for the desired reading must be calculated for 
each point. For example, a device with a stated accuracy of 
0,05 percent of a full scale of 100 pounds per square inch 
(psi) would correspond to an accuracy of only 0.5 percent at 
10 psi (0.05 percent of 100 = 0.05 = 0.5 percent of 10). Also, 
sufficient significant digits must be present on the digital 
readout to ensure a suitably accurate measurement when the 
uncertainty of the last digit is considered. 

All reference instruments and/or standards used for cali- 
bration/verification shall be certified to 60°F and traceable to 
primary standards maintained by an internationally recog- 
nized standards orgunization such as the National Institute of 
Standards and Technology. Reference instruments used in 
EGM calibration/verification shall be checked and calibrated 
once every two years or as recommended by the instrument 
manufacturer, whichever period is shorter. For further infor- 
mation, see Appendix C. 


ne 
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1.9 Security 
1.9.1 ACCESS 


1.9.1.1 For metering systems not contained within locked 
enclosures or fenced perimeters, unrestricted visual access to 
the metering system is anticipated and acceptable during 
normal business hours. 


1.9.1.2 Only the owner of the meter or the owner's con- 
tractually designated representative has the right to culibrate 
or alter the function of the metering system in any way. 
Additionally, the owner or the owner’s contractually desig- 
nated representative, is restricted to activities contractually 
recognized as necessary and appropriate, considering indus- 
try practices and contractual obligations. 


1.9.2 RESTRICTING ACCESS 


1.9.2.1 Systems shall be designed so that unauthorized 
access to the unit for the purpose of altering any input 
variables that may affect measurement will be denied. A 
unique security code of at least four characters shal] provide 
this protection. Owners should consider assigning unique 
codes or security measures to individuals in order to ensure 
all parties gaining access ure identifiable and accountable. 


1.9.2.2 Additional security measures other than the 
electronic means described in 1.9.2.1 may be utilized to deny 
access to the system. These measures may include mechan- 
ical devices and/or additional levels of electronic security. 


1.9.2.3 A sccurity code may be utilized any time data is 
collected from the system, A security code shall be used. 
every time any changes or edits are performed that will alter 
quantities being measured. 


1.9.3 INTEGRITY OF LOGGED DATA 


1.9.3.1 Every time any constant flow parameter is 
changed in the system, the old and new value, plus the date 
and time of the change, shall be logged (hard copy or elec- 
tronically). This requirement includes calibration reports 
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that shall be completed and included in the audi trail or in a 
separate calibration report. 


1.9.3.2 Any adjustments or corrections to the original data 
or calculated values shall be stored separately and shall not 
alter the original data. Both the original and the final adjusted 
data shall be retained. These adjustments or corrections shall 
be shown in the audit trail and shail clearly indicate the old 
and new values and the dates and times of the period or 
periods affected by the change. Some means of effectively 
determining the date of the changes shall be provided. 


1.9.4 ALGORITHM PROTECTION 


The algorithm used to calculate quantities shall be protect- 
ed from alterations at the field or accounting office levels, 
even by persons with the security code necessary to perform 
all other routine functions. 


1.9.5 ORIGINAL DATA 


There shall be no changes to the original data. 


1.9.6 MEMORY PROTECTION 


1.9.6.1 In order to provide maximum security and integ- 
rity for the data, the EGM device shall provide a backup 
power supply, or nonvolatile memory, capable of retaining 
all data in the unit’s memory for a period not Jess than the 
normal data collection interval for the unit. 


1.9.6.2 When primary power is lost, the time and date of 
the failure and the time and date of the return to normal status 
shall be logged in the audit trail. 


1.9.7 ERROR CHECKING 


An effective system of error checking shall be utilized 
each time data is transferred from a system capable of storing 
data to any other system capable of storing data. If errors in 
transmission are detected, the system shalt prevent the use of 
incorrect data. 
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APPENDIX A—RANS METHODOLOGY FOR SYSTEM FLOW 
MEASUREMENT ALGORITHMS 


A.1_ Differential Meter Measurement 


A.1.1 FLOW EQUATION 


The equations and constants in this section apply generally to all Aead-type meters. The 
fundamental form of the head flow equation! used in this standard is the following: 


Gn Cneter ¥ (P,APIOF (A-]) 
The volume flow rate at base conditions may be calculated using the equation shown 
below: 
Im 
C aac (A-2) 
aah 


If the real relative density is known, the gas density at any pressure and temperature may 
be calculated using the equation 


P.G_Z, 

{r&b 
i eae (A-3) 

PTS Leary 
and the gas density at base conditions is the following equation: 
d G 

PA (A-4) 

4, (air) 


Assuming Zj/4;,) is constant, Equations A-3 and A-4 reduce to the following equation: 


ae #G,Z, (A-5) 
fz, 
p,% G, (A-6) 


Substituting Equation A-5 inte Equation A-1 results in the equation shown below: 


£G,2, 
Im Crees d AP } (A-7) 


Using Equations A-2, A-6, and A-7 to solve for Q, results in 
PGZ 
f. b 
Count ( era? | 
G 


r 


0.8 


(A-8) 


qe 


"Use of the “e<" (proportional to) sign is used to replace “= K *” (equals Constant times) in the equation for 

simplification. This eliminates the requirement to maintain definitions of all of the constants as the equations are 

derived. It is intended that these equations provide an example for the application of flow equations to EGM 
» devices. Refer to the appropriate standards for the constants and other applicable equations, 
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which then reduces to the following equation: 


E AGES 
40° Emcrr¥( azZaer } [A-9} 


A.1.2 INTEGRATION OF FLOW RATE 


The accumulated mass or volume is calculated by integrating the flow rate as a function 
of time as shown below: 


Qn = faq, (1) dt (A-10) 


2, (Al) 


HI 
— 
x 
7 
ay 
> 


The use of numerical integration techniques where 


4) = the start time of the integration. 
t, = the end time of the integration. 
n = the number of calculations. 

i = then” calculation. 

f= ty tilly -fyiin. 


results in 
i . n 
Q,, = Jan @drs ve : ¥ doen (A-12) 
16 1-0 
: lim 1 
Q, = fa,(o ats nso Da Fein (A-13) 


0 


Approximate numerical integration values can be calculated for n < o as long as x is 
large relative ta the changes of q,, or g, over the integration interval. A conservative 
estimate of n can be calculated based on the following assumptions: 


a. The calculation/sampling interval is statistically independent of flow rate. 

b. The maximum change in flow rate during any calculation/sampling interval can be 
estimated. 

c. The desired integration accuracy is known. 


The maximum calculation error possible, for a single calculation/sampling interval, can 
be estimated if the maximum change in the flow rate during any calculation/sample interval 
can be determined. The flow pattern that would cause the largest calculation/sample 
interval error is a step pattern. The maximum error would occur if the flow rate was sampled 
just prior to a step change. The error for the integration interval would be cqual to the step 
change in flow rate (see Figure A-1), 


For other samples of the step flow pattern and other flow patterns the error will be less 
than this maximum (sec Figures A-2 through A-4). 
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Using this worst case crror, the maximum calculation error is shown in the following 
equation: 
max = —"t (A-14) 
davy 
Because the calculation/sampling interval is independent of flow rate, the integration 


error can be estimated by applying statistical principles related to the standard deviation. 
(Statistically, 2 is assumed to be large.) 


oo = — (A-15) 


If the distribution of the calculation/sampling interval crrors is assumed to be a normal 
distribution, then the error calculated from Equation A-14 could be used as an estimate of 
the standard deviation. Because the error estimate from Equation A-14 is conservative, its 
value should be the maximum possible; it will be assumed to be the 30 (99 percent confi- 
dence level) value of this normal distribution, From this value, the error value of the mean 
of these errors can be calculated using: 


3o_ = (A-16) 


°C caleulation/sample = = (A-17) 


Solving for n: 


2 
» max 


) (A-18) 


© eutcutation/sample 


= 
iT) 


For a finite n, where n is large relative to the changes in g,, or q,, Equations A-12 and 


A-13 become 
12 
0,7 - Yan (A-19) 
Mico 
12 
@,-- Ta (4-20) 
i=0 


Substituting Equations A-1 and A-2 into A-19 and A-20 results in 


ie 05 
On N° ¥ C™ypeter 1) ¥ (2) € Py (2) AP (2) ) (A-21) 
i-d 
05 
1 Cmerer() PO) (QAP CO) 
0,8 Ny— ¥ (A-22) 
ea crane p,D) 


Substituting Equations A-7 and A-9 into A-19 and A-20 results in 


05 
we B)G, (94, (2) 5 
On = Ns Bs Cneer OY (bar | (A-23) 
» ie [ROEAG) ? 
aN, oe eh =o 
2. bg Be Emeror YD) f Ragone wer ) (A-24) 
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A.1.3 SIMPLIFICATION OF FLOW INTEGRATION 


A.1.3.1 | The flow equation is a function of Guero, kB, T, ZZ, AP The following two 
assumptions can be used to simplify the calculation process: 


a. One or more of the parameters is constant over the integration interval. 
b. One ar more of the parameters is linear over the integration interval. 


A1.3.2 Based on the assumption that a parameter is “constant” over the integration inter- 
val then, the flow equation can be mathematically simplified by moving the parameter from 
the variable side of the equation to the constant side. Kor example, if C,,,,., is constant for 
the integration interval, then C,,,.;., can be moved to the left side of the £ sign in Equations 
A-19 to A-22, The validity of this assumption is reduced as the integration interval increas- 
es. This implies that as the integration interval is reduced more of the time dependent vari- 
ables can be considered “constant.” This allows these “constants” to be calculated on an 
integration interval as opposed to being calculated on a calculation/sample interval basis. 
Some examples of applying this simplification to the flow equation are the following: 


a. Assume that all of the process variables except for differential pressure are constant for 
a one-second time interval. The flow equation for this time interval simplifies to 


PZ, Via 
yx fee yi os 4 
Q, Mwner¥[ TG. le (AP (D) (A-25) 


where differential pressure is sampled n times per second. 


b. Assume that all of the process variables except for differential pressure and static pres- 
sure are constant for a one-minute time interval. The flow equation for this time interval 
simplifies to 


0,=N, eae ZG hf CB (paP(y )” (A-26) 


i=0 
where differential pressure and static pressure are sampled vn times per minute. 


Note: Zyis a function of pressure, but has been assumed to be canstant, Dependent on the change in this parameter 
aver the calculation interval, a calculation errer will be introduced. 

c. Assume that all of the process variables except for differential pressure, static pressure, 
temperature, and specific gravity are constant for a five-minute time interval. The flow 
equation for this time interval simplifies to 


03 
He le Ni BON as ; 
Dy Ne Corer Zz } > (( FOG w Jas w) (A-27) 


i=0 % 
where differential pressure and static pressure are sampled n times per five minutes. 


A.1.3.3 The calculation error introduced, by assuming a variable parameter is constant, 
can be reduced if the parameter is linear over the integration interval. The parameter can be 
calculated as a constant once per integration based on the “average”’ of the input parameter. 
For example, Cyerey is dependent on flowing temperature because the meter size expands 
with temperature. The “average” temperature could be used to calculate C,,,¢,¢- once per 
integration interval. 


a. The first limitation that must be considered, when utilizing averages, is that the 
“average” of the input parameter should be a flow weighted average. This requires an 
assumed value of the parameter be used to flow weight the process variables and will intro- 
duce some calculation error. If the “average” of the process variable is not a flow weighted 
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average (that is, time weighted average), then this assumption will also introduce an 
additional calculation error. 


Nowe: For Audit purposes, lime weighted averages must be calculated and reponed [or all input paramerers, 


b. A second error introduced by averaging occurs if the parameter is non-linear. The 
difference between integrating the non-linear value and the assumed linear value must be 
added to the error introduced by the averaging technique. 

A conservative estimate of the error from each parameter is the following: 

1. To estimate the maximum and minimum of the value of the calculated parameter 

based on an estimate of the maximum and minimum value of one process variable. 

2, Repeat this estimate for each remaining process variable. 

3. Assume the calculation error for each process variable to he 


Parameter,,,, ~ Parameter, i, ) 


2 
e : 
integration = A-28 
5 Parametery, : } 


4, Assume the calculation error for each process variable to be systematic and sum the 
errors to calculate the total error for the parameter. 
5, Flow weight the parameter error by multiplying the calculated error times the flow 
weighting factor from Figure A-5. 
Note: Figure A-5 was developed empirically by assuming a direct correlation between the parameter being calcu- 
lated and the change in flow rate. The maximum difference between the volume calculated using flow weighted 
averages and time weighted averages was determined for a step change in flow rate. Dependent on the size of the 


change in flow rate, the maximum error will occur between the step increase in flow rate ta a point where the time 
] tefore the step change equals the time after the step change. 


Flow Rate Fluctuation Corraction Factor 


Correction Factor 


T T T T T T T T T 
0% 10% 20% 30% 40% 50% 60% 70% BO% 90% 100% 


Fluctuation [(q(max)-q(min)}/q(max)]*1 00 


] Figure A-5 
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6. If periods of “no flow” occur, the flow weight factor would be 100 percent. 


Note: If flow time averages are used for the calculation then this factor would be determined by the flow fuctia- 
tion exelusive of the “no flow” periads. 


¢. To calculate the total calculation error, assume the calculation error for each parameter 
is systematic and sum the individual parameter errors as follows: 


+ é, 


roiat = “parameser, * ©parameter, t+ ++ (A-29) 


4.1.4 CALCULATION METHODOLOGY 


The calculation methodology implemented in individual EGM devices will utilize the 
basic form of the flow cqualion (A-19 through A-24). These equations can be simplified as 
described in A.1.3. 

Where operating considerations require less or more frequent sampling and calculation 
rates, the design criteria shall mcet a daily uncertainty not to be greater than 0.5 percent. 
The error associated with the calculation methodology implemented should be calculated 
by adding the calculation/sampling interval error (Equation A-17) and the integration inter- 
val error (Equation A-28). 


A1.5 ENERGY EQUATION 


The accumulated energy is calculated by integrating the flow rate times the energy rate 


as follows: 
L 


Energy = fa (ne (t)dt (A-30) 


tg 


A.2. Linear Meter Measurement 


A.2.1. FLOW EQUATION 


The equations and constants in this section apply generally to all “linear-type” meters. 
The fundamental form of the volumetric flow equation used in this standard is: 


(BACH) = (Zp) (DF) (A31) 
The volume flow rate at base conditions may be calculated using the following equation: 
(BIW) = (25) (ND (R) CE) (A-32) 


Since R is a constant for the gas regardless of pressure and temperature, and for the same 
number of moles of gas N, the two equations can be combined to yield 


eee 
»= l(a lig lz) oor 


h 


A.2.2. INTEGRATION OF FLOW RATE 


The accumulated volume can be calculated by integrating the flow rate as a function of 


time as shown in the equation below: 
‘ 


vy = fon a (A-34) 
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The use of numerical integration techniques where 


fg = the start time of the integration. 
the end time of the integratton. 
n = the number of calculations. 
the #" calculation. 

t = tgti(ty—tpn. 


i) 


Tesults in 
4 li ] a 

=“ _ lim 

¥ = Jot d=, Lew (A-35) 
fy i= 

Approximate numerical integration values can be calculated for 7 < o as long as a is 
large relative to the changes of Q, over the integration interval. A conservative estimate of 
ncan be calculated based on the following assumptions: 


a. The calcutation/sampling interval is statistically independent of flow rate. 

b. The maximum change in flow rate during any caleulation/sampling interval can be 
estimated. 

c. The desired integration accuracy is known. 


The maximum calculation error possible, for a single calculation/sampling interval, can 
be estimated if the maximum change in the flow rate during any calculation/sample interval 
can be determined. The flow pattern that would cause the largest calculation/sample 
interval error is a step pattern. The maximum error would occur if the flow rate was sampled 
just prior to a step change. The error for the integration interval would be equal to the step 

] change in flow rate (see Figure A-6). 

For other samples of the step flow pattern and other flow patterns the error will be less 

than this maximum (see Figures A-7 through A-9). 


q 
(max) 
100 — Flow Rate 
EGM Flow 
z= 80 q 
8 (avg) 
& 
S 
° 
3 a oe = a 
& : > tae ae 
20 
Caicutation’Sample Interval 
» Figure A-6 F 
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100 


— Flow Rate 
EGM Volume 
= 4 q 
a {avg) 
& 
5 
3 
B60 
3 
2 
& 
40 
20 
Calcuiation/Sample Interval 
Figure A-7 
100 | — Flow Rate 
EGM Volume 
> 
¢ 
& 
& 
i) 
& 
iy 
= 
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Calculation/Sampie Interval 
Figure A-8 
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(max) 
a — Flow Rate 
EGM Volume 
80 -4q 
ra (avg) 
& 
a 
Oo 
B60 
3 
= 
x 
40 
20 


Calculatior/Sample Interval 


Figure A-9 


Using this worst case error, the maximum calculation error is 
e _ AOax 
Tax Ong 
Because the calculution/sampling interval is independent of flow rate, the integration 
error can be estimated by applying statistical principles related to the standard deviation. 
(Statistically, # is assumed to be large.) 


(A-36) 


o 
o.=— A-37 
ar A ( } 
If the distribution of the calculation/sampling interval errors is assumed to be a normal 
distribution, then the error calculated from Equation A-36 could be used as an estimate of 
the standard deviation. Because the error estimate from Equation A-36 is conservative, its 
value should be the maximum possible; it will be assumed to be the 3c (99 percent confi- 
dence level) value of this normal distribution. From this value, the error value of the mean 
of these errors can be calculated using 


(A-38) 


Sms (A-39) 


ve Gcuteutation'sample = ea 
a 
a 
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Solving for 2 
2 


Cmax 
ne (—=— ) (A-40) 


© caleulation/sample 


For a finite a, where n is large relative to the changes in or Q,, Equation A-34 becomes 
the following equation: 


y=i dem (A-Al) 
iD 


A.2.3. SIMPLIFICATION OF FLOW INTEGRATION 


A.2.3.1 he How equation is a function of Op Th Zp Zp, A. The following two assump- 
tions can be used to simplify the calculation process: 


a. One or more of the parameters is constant over the integration interval. 
b. One or more of the parameters is linear over the integration interval. 


A.2.3.2 Based on the assumption that a parameter is “constant” over the integration in- 
terval then, the flow equation can be mathematically simplified by moving the parameter 
from the variable side of the equation to the constant side. The validity of this assumption 
is reduced as the integration interval increases. This implies that as the integration interval 
is reduced more of the time, dependent variables can be considered “constant”. This allows 
these “constants” to be calculated on an integration interval, as opposed to being calculated 
on a calculation/sample interval basis. One example of applying this simplification to the 
flow equation is the following: 


Assume that ull of the process variables except for static pressure arc constant for a one- 
minute time interval. The flow equation for this time interval simplifies to the following: 


TZ, SiS 
ao }s x (Pw) (A-42) 


i= 


where static pressure is sampled n times per minute. 


4.2.3.3 The calculation error introduced, by assuming a variable parameter is constant, 
can be reduced if the parameter is linear over the integration interval. The parameter can be 
calculated as a constant once per integration based on the “average” of the input parameter. 
For example, turbine “k” Factor is dependent on flow rate because of physical character- 
istics of the meter itself. In typical practice, an average frequency is used to compute "k”, 
at a rate independent of basic sampling and integration intervals. 


a. The first limitation that must be considered, when utilizing averages limitation, is that 
the “average” of the input parameter should be a flow weighted average. This requires an 
assumed value of the parameter be used to flow weight the process variables and will intro- 
duce some calculation error. If the “average” of the process variable is nol a flow weighted 
average (that is, time weighted average), then this assumption will also introduce an addi- 
tional calculation error. 


Note: For Audit purposes, time weighted averages must be calculated and reported for all input parameters, 


b. A second error introduced by averaging occurs if thc parameter is non-linear. The 
difference between integrating the non-linear value and the assumed linear value must be 
added to the error introduced by the averaging technique. 
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A conservative estimate of the error from cach parameter is the following: 


1. To estimate the maximum and minimum of the value of the calculated parameter 
based on an estimate of the maximum and minimum value of one process variable. 

2. Repeat this estimate for each remaining process variable. 

3. Assume the calculation error for each process variable to be 


[ Parameter,,, — Parameter, ) 


2 


Parameter, 


(A-43) 


Ciategration = 


4. Assume the calculation error for each process variable to be systematic, and sum the 
errors to calculate the total error for (he parameter, 
5. Flow weight the parameter error by multiplying the calculated error times the flow 
weighting factor from Figure A-10, 
6. If periods of “no flow” occur, the flow weight factor would be 100 percent. 
Note: If flow time averages are used for the calculation, then this factor would be determined by the flow fluctu- 
ation exclusive of the “no flow” periads. 
c, Tq calculate the total calculation error, assume that the calculation error for each param- 
eter is systematic, and sum the individual parameter errors. 


Flow Rate Fluctuation Correction Factor 


Correction Factor 


01 + 


T T T T T T T T 


0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 


Fluctuation [(q(max)-q(min))/q(max)]"100 


Figure A-10 
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e te are (A-44) 


© oat = PUFCNETEL, parameiers 


A.2.4 CALCULATION METHODOLOGY 


The calculation methodology implemented in individual EGM devices will utilize the 
basic form of the flow equation. These equations can be simplified as described in A.2.3. 

Where operating considerations require less or more frequent sampling and culculution 
rates, the design criteria shall meet a daily unccriamty not to be greater than 0.5 percent. 
The error associated with the calculation methodology implemented should be calculated 
by adding the calculation/sampling interval error and the integration interval error. 
Note: Figure A-10 was developed empirically hy assuming a direct correlation between the parameter heing 
calculated and the change in flow rate. The maximum difference between the volume calculated using flow 
weighted averages and time weighted averages was determined for a step change in Row rate. Dependent on the 


sizc of the change in flow rate. lhe maximum error will occur between the step increase in flow rate ta a point 
where the time before the step change equals the time aller the step change. 


A.2.5 ENERGY EQUATION 


The accumulated energy is calculated by integrating the flow rate times the energy rate: 
t 
Energy = fe (4) e(t) dr (A-45) 


ty 
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APPENDIX B-AVERAGING TECHNIQUES 


For the time-weighted averages, “flow dependent” refers to the requirement that these 
valucs only be calculated during periods of flow. These methods are described by the 
following equations. Any algorithm yielding the same results may be used. 


B.1 Calculation Periods 
B.1.1 WHERE THERE IS FLOW 


For calculation periods where there is flow the formulas are shown below: 


a. Flow-dependent time-weighted linear average 


] d. Flow-weighted formulaic average 


1 = 
Pp = ras where p/ 


B.1.2 WHERE THERE [S NO FLOW 
For calculation periods where there is no flow the formulas are shown below: 


a. All linear averages (time or flow-weighted) 


b. All formulaic averages (time or flow-weighted) 


k 
- a Sel : 
B, = pr? where py = — ¥ pit, 
Ried 
B.2 Sampling Periods 


B.2.1| WHERE THERE IS FLOW 


Where the sampling period is constant (that is, t; = constant), the formulas for calculation 
periods where there is flow reduce to the following: 


31 


Copyright por American Petroleum Institute 
Thu Dec 14 23:08:27 2000 


API MPMS*21-1 93 MM 0732290 0516470 952 


32 CHAPTER 24-—FLOW MEASUREMENT USING ELECTRONIC METERING SYSTEMS. 


a. Flow-dependent time-weighted linear average 


ig 
id pp 


Fist 


b. Flow-dependent time-weighted formulaic average 


d. Flow-weighted formulaic average 


& 

aI s 1 

"8 where pf = > > pw 
isl 


hal 


B.2.2 WHERE THERE IS NO FLOW 


Where the sampling period is constant (that is, f; = constant), the formulas for calculation 
periods where there is no flow reduce to the following: 


a. All linear averages (time or flow-weighted) 


12 
Py = phe 


Where: 


Flow time during calculation is 
k 
= X 1,6 
iL 
Summation of flow-weighting factors during calculation period is 
& 
n= YM, 
t=1 
Total ume for calculation period ts 


A= de 


is! 


i 


Number of samples where flow was occurring during calculation period is 


‘ 
Lo Le 


isl 
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Summation of flow-weighting factors during calculation period is the following: 


k 
hy = z Ww 
i=l 
Average of input variable during calculation periods with flow. 
Average of input variable during calculation periods without flow. 
Index specifying the sample period. 
Total samples in calculation period. 
Input variable value at sample period i. 


= Lowest order power with which the input variable appears in the flow or volume 


measurement equation. 


= Time interval for sampling period i. 
= Flow dependency factor. Zero if no flow at sample period i, and one if flow at 


sample period i. 
Flow weighting factor. This would typically be (Aw)"* for an orifice meter. 
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APPENDIX C-CALIBRATION AND VERIFICATION EQUIPMENT 


C.1 Static Pressure 


Static calibration/verification equipment is used to accurately determine or produce a 
pressure signal on the pressure sensing element of a static pressure transmitter. The pressure 
used for calibrating the static pressure transmitter may be supplied from various sources. 
The electronic output of the pressure transmitter is then adjusted or calibrated to correspond 
to the pressure signal. 

Static pressure calibration/verification equipment is divided into the following three 
main types: 


C.1.1 HYDRAULIC/PNEUMATIC 


A device that generates a hydraulic or pneumatic signal by placing known weights on a 
piston of known size is generally referred to as a “dead weight tester.” By using accurate 
weights and a piston of accurately determined area, these devices form a secondary 
standard for pressure measurements. 

Due to sensitivity of calibration/verification equipment, consideration should be given to 
gravitational constants and other environmental influences. At latitudes of less than 40 
degrees, or greater than 50 degrees, or at altitudes greater than 5000 feet, dead weight 
testers must have weights that are trimmed to the local gravity, or appropriate correction 
factors must be applied to adjust for the effects of local gravity. Reference to manufac- 
turer's specifications is advised prior to use of equipment. 


] C12 ADJUSTABLE 


Adjustable static devices generale a pressure signal and measure the signal generated. 
The signal is adjusted to a desired pressure as indicated by the measurement device. The 
signal generator may be combined with the measuring device—the combination generally 
referred to as acalibrator: or, the pressure generator and measuring instrument combination 
may consist of two or more separate devices. 


C.1.3 > READ OUT 


Read out static devices measure only the pressure signal applied to the static pressure 
transmitter from an external source. Examples are dead weight gauges and digital pressure 
equipment. 


C.2 Differential Pressure 


Differential pressure calibration/verification cquipment is used to generate accurately 
determined differential pressure signals on the pressure sensing element(s) of a differential 
pressure transmitter. The electronic output of the pressure transmitter is then adjusted or 
calibrated to correspond to the pressure signal. In practice, only one pressure signal is 
generated and referenced to atmospheric pressure, thus creating a differential pressure 
between the generated signal and atmospheric pressure. 

The equipment available for calibration/verification of differential pressure transmitters 
is similar to that used for static pressure transmitters as described in the previous section. 
One exception is the commonly used liquid filled manometers. However, liquid filled 
manometers are not suitable for calibration/verification of electronic devices because they 
lack adequate resolution. 


35 
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C.3 Flow Temperature 


Flowing (cmperature calibration/verification equipment is used for calibration and 
verification of the instruments measuring the temperature of the flowing fluid. Temperature 
measurenient of the flowing fluid is made by a temperature element with suitable mechan- 
ical provisions for insertion in the flow stream. The measurement made by the sensing 
element may be either used directly by the EGM equipment or converted into other electri- 
cal signals, such as 4-20 milliamperes, by a transmitter for input into the EGM equipment. 

During calibration and verification, the sensor is placed in a controlled temperature 
environment (a temperature bath or block). The accuracy of the calibration environment 
should be + 0.2°F or better. This accuracy requirement includes the nonuniformity of the 
block and the accuracy of the temperature standard. Care should be taken in placement of 
the sensor in the environment to minimize the effects of thermal conductivity through the 
sensor to atmosphere. uneven heating, or other factors. 


C.4_ Electronic Signal Generators 


C.4.1| ANALOG 


Analog signal generators are used for calibration/venitication of EGM equipment that 
receives an electronic analog input. Standard analog signals include volts (v) and amperes 
(a). Typical EGM applications requiring analog signal inputs for calibration/verification 
include flow computers that receive analog signals from differential pressure, pressure, 
flow, and temperature elements and/or transmitters. 

An analog signal generator may consist of either a composite device incorporating both 
a signal source and readout device (calibrator) or separate devices connected to provide a 
signal source with a scparate readout or indicator. Each portion of a composite device or 
assembled system that is used for EGM calibration/verification shall meet the requirements 
established in this standard that apply to that portion of the device or system utilized. 

Devices generating an analog signal (voltage, frequency, or current) shall meet the 
following standards for stability and composition of signal: 


a. Stability means that voltage or current sources shall not exhibit a level fluctuation of 
greater than +0.1 percent over a period of 150 percent of the period of time in which the 
measurement is required to be made. 

b. Composition of signal requires a maximum allowable ripple of 0.1 percent. 

c. Devices measuring digital or pulse signals, or readout devices on composite devices or 
calibrators, shall meet the standard required for “electronic digital multimeters” as detined 
in C.4.6 of this appendix. 


C.4.2 PULSE SIGNAL 


Pulse signal generators are used for calibration/verification of EGM equipment that 
receives a pulse signal input. Pulse signals are typically generated by turbine, diaphragm, 
rotary, coriolis, or vortex flow meters 

Pulse generators shall generate a pulse level (current or voltage) corresponding to the 
output of the simulated device +5 percent. Actual pulse tolerance for a given interval shall 
be at least a factor of two better than the stated uncertainty of the device simulated. 


C.4.3, FREQUENCY 


Frequency standards shall generate a sine waveform with a maximum harmonic distor- 
tion of | percent. Frequency stability and accuracy shall be al least two times better than 
the device being tested for 150 percent of the length of the test. 
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C.4.4 DIGITAL 


Digital signal generators are used for calibration/verification of EGM equipment that 
receives a digital electronic signal, Digital electronic outputs from flow transmitters or 
computers occur where each digital transmission is uscd to send volume or mass flow data. 

This standard does not include requirements for digital communication protocols or 
methods such as RS-232, [EKE-488, and so forth. Requirements for use and calibrations 
verification of such digital communication methods are covered under standards issued hy 
various electronic groups and organizations such us the Institute of Electrical and Eleciron- 
ics Engineers (IEEE) and Electronic Industries Association (ELA). 

A digital signal generator may consist of either composite devices incorporating both a 
signal source and readout device (calibrator) or separate devices connected to provide a 
signal source with a separate readout or indicator. Each portion of a composite device or 
assembled system that is used for EGM calihration/verification shall meet the requirements 
established in this standard for that portion of the device or system utilized for calibration 
or verification. 


C.4.5 RESISTANCE 


Resistance signal devices are used to simulate resistance temperature detector (RTD) 
inputs in the calibration/verification of EGM equipment. 

Resistance devices shall be of the decude bridge type or individual resistor elements that 
have been prepared for use as a resistance standard, For decade bridges the minimum 
resolution shall be 0.1 ohm. Individual resistors used for calibration/verification must be 
adequately enclosed in a protective enclosure and provided with suitable terminals for a 
resistive standard. 

] Accuracy for either type of resistor calibration/verification devices shall be at least a 
factor of two better than the accuracy of the RTD being tested over the ambient temperature 
range at the calibration/verification location. 


C.4.6 ELECTRONIC DIGITAL MULTIMETERS 


Electronic digital multimeters (DMM) are readout devices used to measure the various 
electronic parameters associaicd with the calibration/verification of EGM instruments. 
Parameters measured include voltage, current (milliamperes), frequency, and resistance. 
Specifications and requirements listed in this section for multimeters shall also apply to 
both devices measuring only one or morc parameters and the readout devices of integrated 
source/measurement units or calibrators. ' 

All DMMs will have, as a minimum, four significant digits displayed for all measure- 
ments used in the calibration/verilication of EGM instruments. Analog or mechanical type 
meters will not be used. Minimum total accuracy specifications for parameters and ranges 
commonly used on EGM instruments are the following: 


Voltage (v or my): 0.05 percent of reading 
Milliamperes (ma): 0.075 percent of reading 
Frequency (Hz): 0.0005 percent of reading 


Note that total accuracy requirements above include the effect of the uncertainty of the 
last digit. 

For any other electronic measurements made, the minimum requirement for accuracy of 
the calibrating or measuring device shall be a factor of Lwo better than the stated accuracy 
of the device being calibrated. 
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C.5. Frequency of Calibration 


All reference electronic instruments used in EGM calibration/verification shall be 
checked and calibrated once every two years or as recommended by the insirument manu- 
facturer, whichever period is shorter. Standards used for calibration/verification shall be 
traceable to primary standards as maintained by an internationally recognized standards 
organization such as the National Institute of Standards and Technology (NIST). 

Calibration stickers or tags shall be attached showing the date of calibration or verifica- 
tion, party or person performing the inspection, and the due date of the next certification. 

Instruments subject to harsh field conditions may require calibration/verification on a 
more frequent period as determined by actual experience. Instruments dropped or damaged 
shall not be used until they are checked and recalibrated, 
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